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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a longHife and high 
luminous-efficiency semiconductor light emitting device which can 
be manufactured at a low growth temperature suitable for mixed 
crystal semiconductor including N, and its manufacturing method. 
SOLUTION: A semiconductor light emitting device 1 is fabricated by 
sequentially layering a clad layer 3 lattice-matched to a growth 
substrate 2 as an n-type GaAs layer and formed with an n-type 
InGaAsP layer having band-gap energy of 1.53eV, an active layer 
(light emitting layer) 4 as a GaaIn1-aNbAs1-b (0<b<c) layer which is 
the mixed crystal semiconductor including N, a clad layer 5 formed 
with a p-type InGaAsP layer, and a cap layer 6 formed with a p+ 
type GaAs layer, on the growth substrate 2. The clad layers 3 and 5 
is contact with the light emitting layer 4 do not include Al, which 
reduces occurrence of a non light-emission recombination center as 
a factor of deterioration, which may occur on the growth surface of 
a layer including Al by absorption of oxygen in a manufacturing 
device and a material container into the surface of the growth 
substrate 2, even at the low growth temperature suitable for the 
mixed crystal including N. Thus, the long-life and high luminous- 
efficiency N-V group mixed crystal semiconductor light emitting 
device 1 can be easily manufactured. 
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[0 0 3 1 ] ±lB«j£fCcfc*Ui* **Jf£, Ga a l n 
1- a NbAs c Pi-b- c (0£a£-1« 0<b<1. O^ 
c<1) it'MU /^J7i*. Ga d l ni- d N e A 
sfPi-e-f (O^d^l % 0^e<1. 0^f<1) 

X^;^-a)^^UGa x l ni- x AsyPi-y (O < x ^ 
1 . O^y ^1 ) mX'te&L. KJ1£. /^'J7i 

*>v KB J: y k^-v * ^x^/u^-co*^ 

I n S G a t A I i- s - t P (0<s<1 > 0£ t <1) M 
XMtfLLX^Z><DX. Ga 1 n NA s PltHt^i 
A I ***fcl*Ji. ^fcfr*). Stttt* (#£*Jl<h: 

ss^jicijrrsji) rcsisfcA i *^-et^t>H^-r 

<7):^l*i<7)<hrSZ£A<-e£Si:<b =b\z^ ^>J7^ 
OMCi&AttVtfJUIF-e. BUtMUtC^ **5&* 
^l^iftMITSgttt^it^t^, *^ A 
I G a A s 3Ui. t>-?fr\ZG a A s ^«fr^ LS^FSS 
rt<-r*,S*<. I n G a A I P^£lfll^S ^±\Z^ 

[0032] K*ff6EmaXH0¥*ftX3fcX?it 

ffjEGa a J ni- a NbAs c Pi-b-c (O^a^l. 0< 

b<i. o^c<i ) JB-e^riE*nfc«rE*ft»i*. s 

Tl**C£lc«fcy % _LE@6*j£SJiJc LTl^So 
[0 0 3 3] ±E«fiElc«fe*itf. SX7<?/ 

■c**. Lfc*<oT. ****** y-jifiii*-&*c 

So 

[0034] K«gi7Ktta>*ma)¥9{*«*tR?it 

ItrlBG a a I ni - a N b A ScP^-c (O^ a ^ 1 . 0< 
b<l, O^c < 1 ) B^^a**tfc«TSB**Htt. 5 

^L. G a d I ni-tjNeA sfPi-e-f (O^d ^ 1 „ O 

^e<i. o^t <d mv&&£ixtz'mi/**j7m 

I*. SX7^ hf£te<D*£^SBI^fiJarta>3lo3I 

l^So 

[0 0 3 5] ±E4IMtl=Jc*ltt. 



5loay»^S*WLTl^*<D"t». AIGaAsfy\''J 

rat LfcJiftrctt-c^ft^ofcSBtifltfifl!)***^* 

Lfcy* <-r*c 
So Lfctfor, tt««iT>. * 

So 

[0 0 3 6] »*S8fattO)*Ma)¥»{tS!**^f*. 
|JEGa a l ni- a NbAs c Pi-b-c (O^a^K 0< 
b<1. 0^c<1 ) Jf-C»fiE**ifc*HB**JBtt. 5 

x^-r KiEtta)*^-r«B#M*j2iwo5i-D5By«T- 

Sl£^L. Gadl ni-dN e AsfPi- e -f (O^d^ 
1. 0£e<1 % O^ f <1 ) «^»***tfcltrEAy 

l>So 

[0 0 3 7] ±E«MSI=«fc*lML 

U /<«J7ift ^ HEtt(D**r*B*a« 

&rt<Dm**HPa£*LTl**a>-C* AIGaAs^A 
■J 7it Lfc»*lcttT?#fc*ofc«M«fia>**#F 

T. a5EftS«*l»o«lfiE(ctiJ«L. #FJf a>*&j£(Dg 

So Lfctfor. fiS^iT^, wttfM-c. * 

fro. #^OfitNt<7)<h-rSC<t^T^ 

So 

[0038] 9 e«o)*k<z)#»{****^(±. 

iMMMfcJil*. NmiS^t^GaalnH 
N b A S1 - b (0<b<1 ) JBT»»«S*t. gk**Jf(D I 
n*fij$ (1-a) 1 1%J:y**< % 
GaAsi«J;y^<^«S^ 1. 3 u m&X 

b**,a>tr&z.t\z*y % Jii2gfci£^/SL-ci>So 

[0 0 3 9] ±E«*fw«fc#itf. **M*. N*^tr?i 
i¥S»T*fe^Ga a I ni- a N b AsH (0<b<1 ) 
IT«L, Wl%%MO I n|flii£ (1 - a) f}^ 11% 
*y**<. «T£Ktf. GaAs«fiJ:iJ«<, * 

*^SA<. i. 3 //m^-efes^oi: LTi^sa>-e. ft 
^»*3R(citKLrNiififiEt/h*< Lrt-sas^*^ 

T^S^^t-rSCir^T-^So 

[0040] a*^i omm&ftmto^mft&itm+o) 

Sfi^aii, ttBR3ftai»&Bl«qi9Elta)¥«(»* 
»*^fl>»SS*a-e*ot, ltrEN*#A/f£Ga d I n 
1-dNeAsfP^e-f (O^d^l. 0^e<1. O^ 
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[0 04 1] ±ie<S^lCj:H[^ NS^f:Ga d l n 
HNeAsfP^e-f (O^d^l. 0^e<1. O^ 

f<D i*6&W7yKi, kjb*«im*/*'j 
tbs. p^»««&co#«i&siM*pJS»a>ttt&aa>ii 
sits *a>p«fie*<«ftJBa>p«fitJ:y t**t\»(= 

©*^Na)jii»***»fc/<yrJBa>**tt(=«ifcLfc 
y. ftttftjt«>«:y-r«Miy«:<«cy. 

[0 0 4 2] 

[0043] Hi-B3i*. *&wo>*m»&2tm*2L 
[0044] hi i*. **wa>*»<*«**?-»tf*» 

[0 0 4 5] BllZfclvC. ¥t(|;ftXX7llt 
G a A s H-C^*ttfctt«fiftfi 2±\z9?y KM 
3. ;£«Ljf4. ^ 7 Ki 5 & tf ^-V 7 ?i 6 *<I*8 

I nGaNAsifGaAsIfi2±|;MLfct 

[0 0 4 6] *^7Ki3lfc GaAst'^«SS 
fi2IC«^«*L/OK^-V^.^X*;U^— 3&tl . 5 3 
eVt'W I nGa As P£m>fc*S£ ( n £M nGa 
AsPi) tftotfiy, A I St*4l>tt8t'fc5p 

[0 0 4 7] *»»T?a&*Sttii4l*. *77Ki3± 
I nGaNAsl, -T£:*7*>. N S*t?5E 
^4i^(*-efci)G a a I rn-gNbAsi-b (0<b<1 ) 

[0 0 4 8] 97?KM5f*« SttM4±IZ©«S*U 
I n G a A s P £Jill*fctitfi (p^l n G a A s PJS) 
tftotWc *«V7?l6lt p + iGaAsIti 



[0 0 4 91 *1=. -(D^Stt^^i^KS^aic 
Ol>T* H2l::*-3l*"C!MB*-*. 021*. MOCVD 
(Meta I Organ i c Chem i ca I Vapor Depos i t i on ) 1 

oa&jCxawaflMfRAB^&y* mocvd^h 

01*. «g*FT?fc*. ft ft* MOCVDS11 O^Lt 
it. *IW:iSt,fl)Tflift<, liJPtfcottJ: 

I*. 

[0050] MOCVD8H oii. fc3ii=&j£Mi 1 

**-r*5*fi**i 2CD«iBi=*ai«i sMRVLZti 
*-v'jT*xt«is-r*fc«>o»x«ispi 4^B«d 

*itt>§p *fc. ^3££JE§1 2lzfcu Bs*LftlM#S 

tt«i-»«**fc. sjfc^i i rto>»x*»a-r«»ft 

f 1 5jb<JS«£;fxTl*£o S3I£J6®1 2CDJ5J6M1 i 

rtizi*. 6*<iBK**trj3y. * 

— *>*-b^* — 1 6 1*. gSSMtaS&a-OH 7l=J:y 
anffcSft^o M>M3^;m 7fcj:yira»a?*t** 
— i souit Btttti 8lzJ:yttU 
2;h,&o *— *>-y-b^* — i 6Jilctt. ±E4fc/*ft* 

[0051] Z(0MOCVD8i1 0$ffifflLT*8» 

*S3rr*lzl*. *— #>1Mz^* — i 6 1= 
Mll«2 i LTG a A sSfiSt^ h L, B^Lft 
l^»ft»«r=J:yjEJESl 1 W(Dff**1 . 3x104 
PafC^E-T&o fit, BBttl 8lzj:ySfittffi* 

frtxoo. BJi3Ura»=i 7«cj:y*— #>»-fe^ 

$1-1 6£ttl»LT* Mil£2mGaAsitK 

*iz#x«»pi 4»&seti i to\zmt&+z>^t\z 

K«3. Stti4, ^77Ki5&tf^7?B6S8 

M-r«. 

[0052] ±IHMOCVDgI1 0*flJl*Ttt 

lSISS2Tfcl)Ga AsHJifZ I nGaNAsfB 

[0 0 5 3] B»*XiLtli, III feU^tLT. T 
MG (HJ^^Utf'J^A) . TEG (h'JIf^»U 

„ tmi (hyy^u-os^A) % &*im** 

TEl (h'JxfMVvOA) As(7>£m<tL 

t\ ash 3 (7;k») N0B8^Lt, *rffi^ 

II^«ltfc§DMHy (^>f^tK7V» . M 
MHy (^y^^/Ut K9i?» . &«IM*« TBA 
W-v^U^;U75» StttMU tt'J7»X 
£ Ltli, H 2 £{£ffl-TSo 

[0 0 5 4] ±E*ftT?M»#X£4r*UT#X*BI* 
l=#x«Bm 4frt>&J6Ml 1 MM 
#A G a A s Bl?&£«j£fi«fi 2 a>9B5 

[0O55]fLt, I8tt8i:Ltfl)TMG:4. O 
x 1 0 _6 m o I /m i n — 4 . 0x10 ~ 5 m o I /m i 
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n % TM I : 4 . 4x1 O'^m o I /rc\ i n ~ 4 . 4 x 
1 0 "6 m o I /rc\ in, A s H3 :6. 0x10 _ 5m o 
I /m in (0. 4 s c c m) ~ 2 . 2x10 ~3 m 0 I 
/m in (46. 4 s c c m) , DMHy : 5. 0x1 
0"4mo l/mi n 4rV 'J7f Xt*ft^H 2 £*D*_ 
h-^l/t*6 l/mi n$ttfeU AsH 3 
O. 9-102Pa, 4 5 0°C~7 0 

0°ct-?Z> o 

[0 0 5 6] TMG : 2. O x 1 

0-5 mo I /m in. TM I :2. 2x1 0"6mo I / 
mi n, ASH3 :3. 3x1 O"4 mo | / m i n (7 
seem). DMHy : 6. 4x1 0"*3 m o I /m i n 
&m&nJi*t LtffiffiU AsH 3 #E*<. 15. 4 
Pat\ l£«flft£« 630°C^Lfci:^ «A1S. 
1. 7^m/hT% GaAslT*fc^)MfiSfi2± 
1 no. 11 G ao. 89N0.04A so. 96^^^^^ttfc 0 

[OO 5 7] CCO^SLfcl no. 11 G a 0.89 No. 04 A s 
0. 96il£E^T«JH?!at<k LT»rtLfc*»(t***^ 
1 l±. Ga A sT*fc&36i£fi»te2|::ft^^LTfc 
y. A r U— +F— (4 4 8 n m) ^JfteASB* G e -7 

lcoivc % fSt*PL (?* h;us**;/-fe>;0 as* 

fr-otztZ*^ 4"0iRSl*. 151. 3//mt'$ofco C 

[0 0 5 8] TM I SJt& U A s H 3 £ii*>L 

tSlLfctu^, I no. 06G ao. 94No. 02A so. 98H 
jW&J«**lfco ^01 1 G a A s Sttlwft^g^ Ltt5 
y. P L4"£>&:ftti\ ftl. 1 7/imt'ftof: 0 C0><J: 
9*lnGaNAsl0*«fili, I nXtfN©«« 

£ < -r « c t -eaajMb-r * - £ 

[0 0 5 9] -rftt3% % -figlC. GaAsCI n £SAl 

AsdNSSHn-r*^ tifrmwafi* /h*<5&y. /<> 

&o -T^*>*>. I n x G ai- x A s|ZN*^An-r^it. 
> K^r-V^X*/^— I n x Gai- x Ascfcy/h$ 

<*y* * ^ctt^ s»a<g a a s t-atsstt*^ 

£-T3o C<DJ:5lCI nGaNAsill GaAsIS 
I^Tg'&Rjffc-efc&COT*. GaAsOA*>K*Y^? 
X^U4=-(3^-r^»8 7 O nm (Sffl) 0>ft%&ft 

Intf G a A s ck y =fcte^Sjb«*#l* I n G a A s 

(w^^T*^. Lfrt* 1- 3 n m?g. 1. 5jim?g<D<*: 

[0060] f Ct\ ±iSMOCVDgil 0£{£/BL 
T\ G a A s lT'fe^MlS«2 |C«T§^ LT 

I no.06Gao.94N0.02Aso.98^^fflt^T. -tIB@ 1 
lc*Lfc»JB«36©*SH**A*^l *»*Lfc. CCD 



i§£, ±a<0<fc3l^ 99vKJl3« 5|Z|* % G a A s 
if -C*fc£ffij£fi«S 2 L/<> K^r-V^ ?x* 

/Hf— 1. 35eVt*Ml nGaAsPf$ffi^ 

rfey, a 1 $t*4L*»-cM*nw4. 

[006 1 ] ±E*»ft*ft*^ 1 O^x/xSffl^ts 
* h ^ -f 5 m"C. fji^fitf 2 O O |/ mOfMftflt 

Xh7-(^JI^f/WXSML, LED (Light Era 
itting Diode) iftSf^ h Lfc £ C M^LED 

»ft*»fc. cot#o»*x^»;ut IkfEVSk 

50mAt\ @3 (Z^"Tct *i&5lfcfi*«1 1 7 

Bnm-CfciJ, P LX^ \-)U&BLttlLtzX'<9 HUi: 

[0062] ccD^arc. *mmo>mmo>¥-m#§£itm 

^1 I*. Sg3fcH4T*fe£ I nGaNAsittl^Sn 

57fKB3, 5*<. a i s^Az-et^t^ -r^t>*». 
5) icsttftA i *<#*nri*ttivD-c. N 

7S>K^(0O (K*) ^GaAs|T'$4MISS2 

a>Mizttya**ir**-r««ft©fiai[fc<i:**** 

[0 0 6 3] -tlBHSfcCDJ^HIZfclxTf*. I nG 

aNA6SttlTf*«**l4^ 8«filfi2 < l:LT 
(DG a A s Blzft^g^- LTl^il^Cl^l^Tl&SB Lfn 
I nGaNAsS6!4lt GaAsft'Mffi* 
*»*2lcK±l::«*»*LTl**<T*«fc<. 

[OO 6 4] *36Sta>J&ffllZj3l*TI** N^Vffi 

M&^m»t LtlnGaNAs L^S^I^l* 

OIZfS^4,<7>T?li^<. P^^A/ffl nGaN 

as p*a>tta>aa*an*(cot\Tts«(3affl-r*c 

[OO 6 5] ^t>(c. »7^K13, 5<tLrii. Stt 
^L^Ga d l ni-dN e AsfPi-e-f I (O^d^K O 

£»<i« o ^ f ^ 1 ) zmi^zzttf-cz* CCOli^ 
ret. n«o>ttjiit««w^^-e««. 

[OO 6 6] titz. ?tmmtzmi^tl& 1 . 3vm& 
(1. 25-1. 35 u m) 0)Sfta>¥*»««»? 1 
li. Ga A s -CftitUtASfi 2 l:»«6t 4*f»tf 

^3t^4C0jfl^£*. f^(^ I n 0 . 11 G ao.89No.04A 

SO. 96£-r6C < h-e#£C<h*<T*£&o 
[OO 6 7] @4l*. 

y. *mmoj&m\*. GaAsisi:wsitt>4 

I no. 14G ao. 86N0. 05A so. 95^t^S (#F^) *ffi 
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[0 0 6 8] IS 4 I*. *»<*3^JitT2 0(D^Jf«3££ 
«LfciEBIlBfaSIB-C*y. #»(*«**T2 0I*. 
GaAsftMMfiIS2 1±|:, nilnGaA 
s Pjf -Trff^^ftfc:^*;/ KI2 2, InGaAsPi 
T-ff2/££*l*:;tf >f KM 2 3 . I n G a N A s irMi 
*lfc#FM2 4. InGaAsPitMJMr^K 
125, pilnGaAsPit'^<lB7^Ki 
2 6Mp + ^Ga A s^T*^$*Vtc4r-V»>^2 7 
*«J«*«M**lTl*5. 

[0 0 6 9] ^It*fel»#Pi2 41*. GaAslt' 
fc&&J$fiSte2 1 ICte^g^LTl^ I n 0 . uGa 
0. 86No. 05A s 0. 95M a €J&J&dft a Cl*& 0 

[00 70] *mi*§£itm* 2 oi*. #-f km (*»* 

M) 2 3. 2 5(31*. GaAsit^§Mfii«2 1 
i:*»4L/<> 1 . 53 eV 

T?&& I nGaAs P*fl!lV ^77KI22, 2 6 |Z 
I*. G a A 8|tft«ttAftSfi2 1 i:»«*L/<> 
K^V^X^U^F— #1 . 85eVT*MlnGaA 
s P£J!H**:SCH-SQW<iag: (Separate Confineme 
nt Hetero-Structure-S i ng I e Quantum Well ktt 

[ O O 7 1 ] *|lte<D^gg<D##{*S£3fcl^ 2 O I*. ± 
i£a>i;5l^ ^it-fe^^FI (SttM) 2 4i:gt 
&M (#-f KM 2 3. 25) ^ A I £^A,-ei^lV 
SttSJit«^i2.4^Vhl23, 

S(*l3^Lfc<gl^^S(^fclxT4,. A I £#A/f£ffl 

[0072] ca)#S{*^^2 oa>**a**a9^ 

Lfc£Z5. 3§*2ftfif*. fil. 3/im-efcofco CO 
#Pi2 40l n|fij££l 1%J:yt**<t4 
C<bT% /^U*(D*3te3«l*. 1- 3//mJ:iJMfii: 
#FM («%M) 2 4011^ MiLtf« 20 
nmUT£U &l L %)^£mm?Z>Z t T*. 
1. 3/iml:OTtSlt^T^-So 

[0 0 7 3] ^HSS<D^lZfel%-Cli. I n G a 

NAslt^#Pi (;£1£1) 2 4*. I n 0 . 14Ga 
0.86N0.05A &Q.95M£ LTl*&3&*. I nGaNAsi 
V&&JZ&m2 At LTI*. -te(D^-e&oT^«i:t^ 

[OO 7 4] #F1 (Sttl) 2 4l*. G a A s 

[0075] $f>rz. *mm<Dmm\zte^T\t* n^v 



felS^Sf*^ LT. I n G a N A s ^SH^ri^IZO 
I nGaNAsPfttOlSffftttioT 
[0 0 7 6] KM2 3. 2 5 <h LTI*. Ga 

JilrtO)il*(DGad i n^dNeAsfPHe-fl (O^d 
^ 1 . 0^e< 1 . f ^ 1 ) TrfeoTt. P3*id2§ 

[OO 7 7] SfcCl. 4^{*#£pfc§tT2 0l*. <7=?V K 
122, 2 6ICA I £^T*U£:l><&-e. *V KM 2 
3. 2 5|3li. N&^/vXl^X t«J:U 0 Ztf)^. #-f 
KM 2 3. 2 5 1*. 977KM22* 2 6J:y^/<>K 

[0 0 7 8] **lfca>®ttT*l** SQW«jt<hL 

-ci^#. ^FM^aaMffl^fc^ms^F^s*^ 

l^T4,cfcl\> -Olg^. *V KMIci*. ^^^KM<fey 
/<>Mr>*:?x:M,*— 0/jN£l>Ga d ' n^NeA 
sfPi-e-f 1 (O ^ d ^ 1 . 0^e<1. O^f^ 

[0 0 7 9] 05lt *«wo>*»»****atf** 
y. **S6(Z)^ffili. GaAsSSi:«^LtW 

I no. 14G aO. 86 No. 05 A s 0. 95^ttl£ JBl^TfiHt 

[OO 8 0] 13 5 I*. fi(*MI^3O0lilS5IS 
*LfcjEHRB5B"C*y. ¥S<*S£5fcl?t^ 3 Of*, ni 
GaAsIffc^M5Ifi3 1±|:, n^AIGaA 
sit«^^7^ K13 2. I nGaAs Pit' 
M**lfc^Ki3 3, InGaNAsitM^ 
f:#Pi (S£5fcl) 3 4. I nGaAsPlt'M**l 
fc^Kl3 5, pfAIGaAsit«^B7 
KM3 6&tf p+ SGaAsIt'M^f:^*^ 

13 itfmxmmztiTi^o fit, #Fi3 4it 

G a A s 1?*§SSMfi3 1 l^fefl^ LttN§ 1 n 
0. 14G ao. 86^0. 05A so. 9SM\Z£ y J£j£2*UTl*3>o 
[008 1 ] tft*5%, ^lft%MT3 0tt, G a A 
s M-ea&Sa«fiSfi 3 1 L/*> K^r^ ^ 3f 

x^yu^f— #1 . 5 3 e Vtf) I nGaAs P1£2jV K 
13 3. 3 5£L. AlMO. 8(DA!GaAsl£ 
^7^KI3 2, 3 6 t L/:SCH-SQWgjgi:4«3 

[0 0 8 2] JiIE^tt^fit^SOf*. SS3fcJfT-&& 
I n G a N A s !T?Jt2j££*lfc:#p! 3 4 lz A I G a A 

six-M$^fc^7^Ki3 2, 3etmmmLxi^ 

*tv -T£t5*>. ;£141§ia (Ml3 4i:*V K13 
3. 35) ^H&ttfeA 1 £^A/-ei>£i><&-e. N£^fr 
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n#>*too)o mm) tf&&mmzmi)&tLtix&± 
[0083] z0>*Bi*mitm=P3 oo>§£3t8i&£m& 

[0 0 8 4] *3glS(D»ttl=fcl*TI4* ^aft***^ 
3 01*. A 1 Ga AsIJ^77 KI3 2, 3 6 iCfllL* 

Tl*5 e ::t% eHK.ll I nQaPt9 7 7Kll=H 
<hifclx"2"£> A I G a A s 08gR$li, I 
nGa PCDf^Stit^O^I /2ftT*fc^o >7 7KI(D 

11*14. -fi&ffHC 1. 5A/mgJtl4i»^-C*y. MC 

lvtl4. A I GaAsJ^77 K13 2, 3 6 Infill* 
fc. 

[008 5] CCD«fc5l-^H<D^ll^ I n G a A s PT'$ 
Kg 3 3. 3 5 0>n«IClMCtt*«<fi 

K*-V^^X*;U*— A**#t^A IQaAsi 
S^77KI32, 3 6|ZffllvCl**0>-C. ** J J7t 

*o>Hi:aie>»**<*&izRiJtLr. L*i^«a«a*< 
T#y. ttofc. ca>* 9 

fi<. L*l,*«3MSaWB<. **»W*l^GaA8 

[0086] fcfc. I nGaNAslT'fe^FI 
ttH) 3 414. te<D»jJt-Ci<fc<. GaAsit' 

l\, *fc, *HJfi(D^SS(Zfclxrf4. NXVftaA^ai 
#t LT I n G a N A s <D*&|ZOlvt»W Lfc#* P 
I n G a N A s P*tttea>JM##ttlZOl*T 

[0 0 8 7] £t>(C. *VK13 3, 3 5(4. G a A s 

14. ****LTt^tt<rtiStl»or^Tt»B*BIW 
islrt^ff**^** I nxGanAsyPi-y (0<x< 
1 . 0 ^ y ^ 1 ) V j&*tl4***:fc>&l\> A I G a 

AsfCfc^^77Kl32, 3 50>A I |§j£l4. #-f 

KH3 3. 3 Scfcy t,e»»©x*;u*-^*#it*i 
[0088] meit. *%m<D¥-m&%i?tmTR.iS¥m 

y. *H!B<D^8SI4. ^7f KSt LT. GaAslT' 
**«rtfi»«lw«T*^LrL\* I n G a A I Pjf£ 



[0 0 8 9] B6|:fe^t, ^SM***** 4 O 14. n 
IG a A s "(?M**lfe*«**fi4 1 ±|C, n^ln 
G a A I P»T?»j£**lfc*.^ KH 4 2 . I n G a A 
s P»t»»fit**tfc#-r KB4 3. I n G a N A s S"C? 
M*ilfc#Fi4 4, lnGaAsPlt**W: 
^ KI4 5, pilnGaAIPi«SStlB7 
7Ki46Mp + SGaAs 4 7 Ml 

[0 0 9 0] 4 Ot*. ^77KI42, 

4 6^ Ga Asfflfe^**tfcttJ««Sffi4 1 
&£LTl*S I n G a A I PJ||C Jc iJMK34lTl** 9 
I n G a A I P3U4. A I G a AslJ: IJ £A*ft/<> 

|C. AIGaAsSt Ga A sH-Cfc£®j£fi^ffi4 
1 |C»LT. »^S»36«te-rWcr*t*3&«. InGaA 

[009 1 ] Lfc^ots HftfcOfiL* 
G a A aME*TBftSS»S¥*f*U— tf-T-fc** 
S<*3S3fcJfl^ 4 0 « CirA^tt^o 

[0 0 9 2] H7I4. 

y . *5U6G>Jfcffil4. I n G a N A s SKi^G a A s 
S«rz^|zl4ft^-fi^-B:-rffi#ffiJ5Ulrt<DJ?*X^« 
tLTMt0t\ RMK 1S^312. R*S4. if 

[0 0 9 3] H7(Zfc^T. 5 014. n 

iG a A s ^M**lfctt«fi*«5 1 ±|C. n^AI 
G a A s i fM* 7 7 Kg 5 2 , I nGaAs 

Plt*M*3tlfc*VKl5 3, I nGaNAs^-T:^ 
J«**tfc#FH (E«S«) 5 4. I nGaAsPlt'I 
J***lfc#-f KH5 5. piAIGaAs!T«^ 
Kl5 6atfp+ fGaAst*M**lfc+^ 
7?B5 7jb<ii:&mJl£*lTl^o 

[0 0 9 4] #S<*5£5fcgt^5 0(4. ^CD I n G a N A 
sft«J^Pl5 4^ m3 0)ili£<Dfi^(D¥ 
itt^iT3O0)l nGaNAslt*M*ilfc#F 
H3 4|Citf£LT. lnTO^<,ra^Ga 

Asir*fcSMllft5un^<, ffli^£*r 

$3 <ommomm<D * 3fc*«*-r«#»-e*T»* 
£i i%*y**<. Niaj$£. 4% < fcy^^<-r^c 

[0 0 9 5] £C5jb<. N(4. j£^+a>&««®J^£Si 
N««4«*#<<P*fc. PL (7* h/U£*?-fe>X) 
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[0 0 9 6] tZZ>tf % f5\£Ut&&L(D\ nGaNAsT? 
I*. I nCDtt*3W*#t^3ft«J»^ft*3St*#<3Si:y. & 

«I*_I*. «fi1. 3/imt'GaAslT*M*+lfc 
«J&ES«5 1 iCft^S^S-frifctolCtt. I no.nG 
ao. 89N0. 04A so. 96*t?fc£&l£rt < fc£>*^ ' n|&^$ 
1 1%*y**<r«fc. N*J*«t4%J:y*2l*ft1t 

CDif-£. tt^-SBf** GaAsit*ft^)MISfi5 1 
*y COcfc^Cft^SaSGaAsIt' 

ft*«*«»tRs 1 *y**#<-r*^. »TS^ftft 
o>T% ftasMfcract^-c*. zziz. b%*ci* 

[0 0 9 7] fCt\ *Xtt0BBa¥B{*&%X?5 
OT?l*. I n<D$&j££l 1 %<ty U I n G a 

NAsIt^FI (SttJI) 5 4(DfiTS»SGa 
Asit^5$Sli«5 1 cfey*#< Lt^SO)t\ 

*a*«<«ut^t«. *fc. ^wkobbo) 

{tffl3fc2g<h LT*SST?fc*. *i^5A,l nGaNAsi 

[00 9 8] a 81*. *£B0>¥BttB3fcX?;&tf¥« 

»{*«*****-rBlf*y. «X>ka)BttH:« l nG 
a N A s SttJf A<G a A s tt«lc3B±l=l*ttT«*&trt' 

[00 9 9] a si*. *mm<Dfcmo)¥mftf£%:m*e 

O0>jEBKBBT?fcy« B8lcfclvc % 
6 0(*. n IG a A slt«* *lfcMlS«6 1 , 
n^A I GaAsIt*M*tlfc^7 7 KB 6 2 „ In 
Ga As PBt?»«*#lfc*V KB6 3 % IMfilMQ 
W (*11T#P) tti&B 64. InGaAsP T 
Stlfc^Ki6 5, pSAIGaAsiT^M: 
93v KB 6 6&tfp + ^Ga A s^T'^^ttfr^-V 
^?l6 73!i<I*fii**lTL^ 0 
[0100] ¥«MftXT6 0H: % JiiBS 5 OSHO) 

fSi£H6 4t«**LT^y, MQW^16 4(^I n 
GaNAs^PlO^a^ GaAst«**lf; 

1 cfcy *,*sarffBB**U M 
QW«3ti6 40l nGaAsPA'UZKD^ga 



G a A s r^«aF*tfc»fiKSS«6 1 efc y t,/J>*£ 
SI-3ByB**LTl*«. 

[0 1 0 1] ±|BMQWfl|fiB6 4(0 I nGaNAsP 
^#FJf £ I nGaAsP|A'J7il tti(ztt«* 
^SCit*, BIS/t^K?*?:^^?— £*Lfc 
ftfrt#W**QaA8fl)MM86 1 «fcy*** 
< Lf-y. /h*< Lfcy«iL*^t4«WB<i:»»*-e* 
£> 0 Ctll*. A I GaAsIA'J7lt'lit*^S^o "f 
ttfr*. A I QaAB*y<'J7ifBl^l:it^ 
T\ lnGaAsP^'J7i^t^Ci:t\ I nG 

a n a s pmpio)!* as-r £ - <t *ptb t <t y . 
oa*K***<Lfcy. ^F^a>a*^<-r^c < t*< 

[0 10 2] *S61fca>^B^(*. MQW8j|6 4 

0) I nGaNAs#FISEHSI, I nGaAsP/^'J 
TB*3lo»y^Bt L"Cl*5*«* I nGaNAs#p 
BS3lo»yBB. InGaAsP/^JTiSEfili 
t Ltt, B«lcBjEftSB«4*oB«lcnm-r«^£: 

[01 0 3] ■9lt.*mo4«MX*Ffttf¥l 

y. *HSS(D^H(*. Ga I nNAslS#FitU 
Ga I n N A s P*/<U7ifc Lfc^*Ht£!MQW 

«K B*£2« R*S4, S*3g6. H*fl7, It* 

[01 0 4] B 9 it. **B«)»tta>*»(***»T7 
oojEBBBB-cfty. B9irjsu>r. 

7 01*. n^Ga A s|T^^*lf:MfiIfi7 1 s 
n S. A I G a A s HtMStlfc^ 77KI7 2, In 
GaAsPiTfM*hfc*VKl7 3, IttttSMQ 
W (£MT#P) tt£B7 4. InGaAsPtM 
*4lfc^Kl7 5, piAIGaAsir«J^: 
KM 7 6&tf:p + iGaAsft'M^fc^ 

vzfmi 7#B*»BS*tTl**. 

[Ol 0 5] ¥S(*«*«T7 0I*. ^O^ffl^MQ 
W (0iiT#p) g|5£Jl7 4CD 1 nGaNAsi! 
aflHF£ft4<« GaAsit'fcSaMIfi7Un 
**ttBE«fift*LTfey. MQW«ill7 4 

CD I nGaNAsP/^jyKDftTSaA^ G a A s JI 

■ci&***«it«7 1 «ty tp/h»«3ioByB«*LT 

I**. 7 Ott. ^77hl7 2, 

7 61=. A I Ga AsfSlL^tj3 l J, A I £$A/*£B 
fcN*ftA/t£B4«B[«BL«:^flUSt«coT^*. 
[0 10 6] Ltzt^X. *XK0)MO¥9MX« 
^7 0|Z^INT4,. IMfllMOW (MIWP) « 

[0 1 0 7] -MtJ6<DJM8l::j3l*Tte* I n G a N A s 
P/^'JTlCOMfctttt, MQW«Hi7 4<DI nGa 
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N A s ^PiOMftfrlwS Lt P <DI8 (*9EffiO>& 
Htlt PH 3 ) £&*raLfc*>0-efcy. I n. Ga. 

[0 1 0 8] HKK. I nGaNAslcSLTPS^iD 

•T^xt. /*>K**^x*wu*-l***<fcy. »T 
Saii/J^<^^ai^ft-5o fit, *I£16(BJM£<J> 

^SUtfc^s^fc^-?- 7 O (DMQW(SiaI 7 4 CD I n G a N A 

(STSaSGaAsItfcl)MlIS7 1 

Ga Asiir*&^«J$S^fi7 1 j:y/h^< 

[o i o 9] *t % ^mmcommcD^mwm^tm^i o 

[0 1 1 O] fcfc. *5tJfe0)fl2tsTM*. In. Ga. 
[0111] £fc. *HJSO>^fi|lCfclxT(*. MQWfit 

m.m 7 4 (D^p^ic p ^^A/TaN*tM§^froiNrm0j 
Lfctf. #pJifcp£^T^T£/*U7Ji<&p$£j$£ 

[oi i 2] hi oi*. xftwow-mto&itm+Rit* 

fey. *HS£0)^£II*. O. 8/lm**0)H»U— IfB 

[o i i 3] si oi*. *xfta>jE*tto>¥*{t«3feX?- 

8 0(DjE®©T®HT'fcy. Hi 0|Z*5l%T. #S<*&5fc 
§1^8 01*. n^Ga A s Jf TMJ2j££;K*2ffij£fi»ffi 8 
1. nilnGaPit«^B7'>Ki8 2, I 
nGaAsPlt^tlf:WKl83, InGaN 
AsPlt'M^*lf:#Pl (;£teJI) 8 4. I n G a 
AsPit«^^VKi8 5, pilnGaPl 
T'^SFttfr^^^ Kl86&i;p + iGaAsit'i 
^^*Lfc^rV>^8 7A<jl^B^*Lr^So 
[0 114] ^i*^3fem^8 0(*. 

A^. 1 . 5 4 e VT&& I n G a N A s Pjf£. *V K 
M Gfc^&Jf) 8 3. 8 5<tLT. GaAsit'ifel>a 
i£«S«8 1 icft^^L/O K*V^:?x*/U^-jb< 
1 . 8 3 e I nGaAsPiJ, fit, <? =y 

^KI8 2, 8 6 £ L*C. GaAslt^^Ilffi 
8 1 L/\> K^V ^ ;7x*;u^r-A< 1.91 

e Vt-feS I n G a P Sffll^r: S C H - S QWfgagt U 
otl^o fit, C<D¥»|«S**^8 OCD^S^ 



(*. &)0. 8 1 //mffcSe 
[0 115] (EX* O. 8/im*«0>II!{tU-1fB£ffl 

5? KJH£>#-< KBfCl*. AIGaAs^<^btl 

tco f:t\ tt*. I n G a A s P y A I 7 

|j-a)«^^a^^4^•CU^S*^ InGaAsP^tt 
3^1*. A I GaAsMSlZltXt, fcS^CD'O K* 

*#<#y. {i®tei*&*re&&*<. 

[0 116] C0^5^*<7>Htti^I#»i*U-^(C^ 

lt. *mm<m&m<b*mt*§£?tm*a 01*. 

(#Pi) 8 4#l nGaNAsPt*^ N 

i-. ^s»si;iffim : ? : ^ox^;u^-^/jN$<-r^^ < >: 

rt<-e#£« L*:*<oT. lnGaAsittfi^77K 
182, 86WKI8 3, 8 5|Zffll^Tt. fc^fg 

a>/<> Ksr^-b? <#y. Sttifs 4^t>a>* 

[0117] fift^I^soii, MI8 4 

I n G a N A s Pf t £J1I::I*. A I t£i£A/ 
X'l^tZlK -T^*». (^i8 4t*V KJf 

8 3. 8 5) IC^It^CA I ^A/T-l^l^T'. N 

t;ila^^*lc^iLfc{5l^^s^^fct^xt. a i £ 

fe £ ig* * tt¥«f*ft%flHF 8 o £ dSSTT & c £ 

[0 118] *IIJ£<Bff28sl::fcO-C(*. S14B8 

4£LTI n G a N A s Pg$^t^rl^^/)^ ftfeCOffl^ 

[O 1 1 9] I n Ga N A s Pg-CfcS^14^8 

4#. ttA5S4E8 1 <t LTCDG a AsiCliCM 
S^LTl>^ii^^Ol>Titt^L^A<. GaAsitfc 
^)M^M8 1 (z^±(cr*«T^LTt>*<rtcfc 

[O 1 2 O] ^? t>(Z. ^-f KB 8 3. 8 5<t LT(*. G 
a Asi-Cfc^MS8 1 Kft^g^RrffifcffiJ*. 

^HJartCO^^?. T>5:t>*>. Ga d I n H NeAsfP 
1-e-fB (O^d^l. 0^e<1. O^fiSI) trfc 
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[012 1] 8 0I*» *77KI 

8 2. 8 I ^^A/T?l^*l^(D-C *VKB8 3. 

8 3. 8 5li. ^77K182, 8 6cfcy t/OK^r-V 

[0 1 2 2] Hk>\Z % *HJteO>^l§-CI*. SQWgSi: 

AsfPi-e-f M (0^ d ^ 1 . 0^ e < 1 . 0< f < 

i ) &m^z^tf)<x-zz>o 

[0123] £JLt. *%Wm\Z&*DTtSl2tltz&W$:tti 

i\ 

[0 12 4] 

[3SEa>5»ll] »#3S1 E«<©*M0)*»»****IC 

a H B #S»Ga a l ni- a N b As c PH-c (O^a^l. 
o<b<i . o^c<l) BTfJBJSU 3£#B<tffij$t£ 
•J**^ v Kg. *V KBfc£lM*><'/7B£> A I £ 

[oi 25] st^2Gtta>Xffia>¥9f»«%tK^i=j: 
*ttf. vH6lzN**A//SN*SB»*»(**t»*Sttlii: 
LG a A sStg±|C^jjE**t^#S{*^**^fcS3^ 
T. 2S#B£. N^I^fi(*Ga a l ni- a N b A 
s c Pi-b- c (0£a£1* 0<b<1. 0^c<1) 

bt?»«u ^i^igst^^7'>Ki, *v kb 

CD^^l^G a d I ni- d N e AsfPi-e-f (O^d 
^1. 0^e<1. O^ f < 1 ) mtf&J&LXl^&O 
T*. Ga As*«±IZA I *$*£l*3rC^n«|ift£ 

[o i 2 e] m*m3&m<n5tm<D*m#f£?!tm i i L \z£ 

Hit* §£%M&* Ga a l n i- a NbA s c Pi-b- c (0< 
a^l. 0<b<1. 0^c<1 ) Jf-eE2/£U A*'J7 
B&tf#-f KB£* Ga d lnHN e AsfPi-e-f (0 
^d^l. 0^e<1. 0£ f <1 ) fl-ClMEU 5=7 

X*;U^— 4)*£l*G a v I ni-yAs.PH (0 < v ^ 
1. 0<w^1) lT'MLtl^a)t\ Al ^ff^ 



G a I n N A s P Jf £ JT^ £ JI £ A I 

[0 12 7] iS*3S4fBS<7)^H^(7)#^i**^ : F^c*: 
*U£. ^IS, Ga a l n i- a N b A s c Pl-b-c (O 
^a^l. 0<b<1. 0^c<1) mXT&I&L. A'J 
Ga d l ni-dN e AsfPi- e -f (O^d^l. 
0<e<1. 0£ f <1) mx-MfiLL. 15<< KIJ S 3£ 
*JBcky t/O K^f^^^X^;u^-(7)^:^tNGax I 
ni- x As y Pi-y (0<x^1. O^y^DftM 
U *^*KJi*. /<U7l&i;^ KH«fcy t/OK 
*V 3^X^;U^f — A I U G a i- u A s (0<u 
^1) BT-J&/£LTl>&0>-e. Ga I nNAsPitS 

-rsB a i sttwc (ss 

B£-r& §£3t®mm<. 

f&igi/i*0>/h£l>A 1 Ga AsJ^'V KJBI-fflO 

[01 2 8] Bt«a5csa>«na>¥*i*«%x?-icj: 

2£3teB£. Ga a l n^aNbAscPi-b-c (O 
^a<1. 0<b<1. 0=Sc<1) BT:J£J$U /*«J 
7lf, Gad I ni-dN e AsfPi-e-f (O^d^l. 

o^ e < i . o^ f < i ) MX1&J&L. KB£. % 

n^xAsyP^y (0<x^1. O^ y ^ 1 ) MXlfrfS. 
L. ^77KiS, /^J7H&^-f KB«ty */«>K 
^f^^^X^yU^f— CD^C#U I n s Ga t A I i- s - t P 
(0<s<1. 0^t<1) BT*^LTl^^0>-e. G 
a I n NAs Pl(tHt§I^ A I £^£&l^B. "? 

«-r^Cli:^r*^. ^O. AIGaAsglt t^-T^lC 
G a A s Lfe^SaA^-TtL^^. I n G a A I 

P^mi^t. 5u'£\z&+m'£;2 j eZ>^ttfX-2Z> 0 

[oi 29] m*memm<n§zm<»¥m»§£ftm*iz± 
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[0 1 3 0] &*TM7&ma>§£W0>*mK5ti!tm=?\^& 

his. &%mtf. m*z?<<vh$ii&o)%±?&&&mm 

**** «S*<SS-C* A^o. ffffSiO 

[0131] RM8E«oxna)¥iMX*T(=J: 

unasiosyflHFfieiru ^'Jti^ sx?*? 

£>0>T?. A I G a A s S/\*'J 7i<l: L/:l|pl-lit*^% 

[0132] R*tt9ettaxH0¥S{*x%x?i=£ 

*ltf. 5S#B£. N$tteift*i»-C^Ga a l n 
1-aNbAsi-b (0<b<1) JB-e»fi6L. ttXftJKD 

1 nmm (i -a) 1 1 %*y**<* <s^a 

QaAsl«J:y**<, 9&bM#+ 1. 3|/m 

Ltt-safiw«t*. 
[01 33] §t*Jgi oEKa>*wa>¥ant9i3fc*^a> 

»2i»ftlCj:tttf. N^:Ga d ln H N e As f P 
1-e-f (0£d£1« 0£e<1« 0^f<1) B**t> 

iaric*<**Ba> pffijsj: y **#t*Bi=»*LTi,**0> 
[@®<7>HmftK^i 

[Hi] **W(D*»(t***T»tf*»«*3fe*T-a) 



[■2] 01 <D*m&ftjtmTzm&-t&tz&><j>Moc 
[S3] urwmwnitM+onibx*.* k;u*^-t 

Ho 

[14] **wa>*»(**5it**atf*»(t****a> 

<&j£fiB0>jE®»i®0o 
[0 5] ^HCD^ftRftK^at;*******© 

0> Efc ^ B 0> IE ® Hi III o 

[B6] **«0*i(Mtt*Mtf*»*»«*M 

sa»aa)R 4 a>Mta>»ae mm Lfc******?- 

[H7] ^no^ffftftftX^&tf^vftffKX'Fa) 
5 (onjfio^ffisa^ Lfc*»(t»3t*T- 

(DI?fcfiB<7>IE®SFffi0o 
[0 8] **Ma>*»{*JB»*^Xtf*»(t«**^«) 

0>/£«Ba>jE®ST®0o 
(7>/$gB0IESBTg]0o 

[010] ««na>¥«(**%X7&tf¥»«ft%x?- 

^<Z>fltfiBO)jEi5Br®0o 

1 ^sfts&ftfst^ 

2 S£j£Ji2Sffi 

3 Ozrv KB 

4 SteB 

5 KB 

6 **??B 

1 0 MOCVDgf 

1 1 SJSM 
1 2 

1 3 JfcSS 
1 4 

1 5 f*ft* 

1 6 a— 7p>-tHr:7* — 

1 7 KBauW»3-oi/ 

1 8 mmx 

20. 30. 40. 50. 60. 70. 8 0 

21. 31. 41. 51. 61. 71. 81 ttfiEft£ 

« 

22. 32. 42. 52. 62. 72.80 0 *7 V K 

B 

23. 33. 43. 53. 63. 73. 83 *V KB 

24. 34. 44. 54. 84 #Fi 

25. 35. 45. 55. 65. 75. 85 KB 
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26. 36. 46, 56. 66. 76. 86 977h' 

m 

27. 37. 47. 57. 67. 77. 87 
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— 5 : p M InGaAsP 7 y KB) 

— 4 : InGaNAs <&HJg) 
~ 3 : n US InGaAsP 5 v KB) 
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* 27 : p + 3 GaAs * 7 ^S) 

- 26 : pSInGaAsP <* 7 * Kg) 
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- 24 : InGaNAs (#^J5) 

- 23 : InGaAsP >f KB) 

22 : n S InGaAsP 5 r KB) 

- 21 : n 3! GaAs 
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- 37 : P t SGaAs (4^t^i) 

36 : pfiAlGaAs 5 KB) 

^35 : InGaAsP (#-f KM) 

- 34 : InGaNAs C#FS) 

- 33 : InGaAsP Uf 4 KB) 

- 32 : n §! AlGaAs 5 v KB) 
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47 : P + SGaAs (tt^S) 

- 46 : pSInGaAIP 7 y KB) 
.45 : InGaAsP (ff* KB) 

- 44 : InGaNAs C#^JS) 

- 43 : InGaAsP (if 4 KB) 

- 42 : n SlnGaAIP 17 *5 v KB) 



41 : n SGaAs C«fi£;gg80 
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57: P^SlGaAs C^+t^S) 

56 : p §1 AlGaAs 5 y KB) 
55 : InGaAsP KB) 
54 : InGaNAs (#^B) 
53 : InGaAsP C#-f KB) 

52 : n S AlGaAs 5 * KB) 
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67: P^SGaAs (+t^S) 

66 : pffl AlGaAs KJS) 
65 : InGaAsP ttf << KB) 



}64:MQw{^* ffl! 



InGaNAs CKI83I) 
InGaAsP (3|oS*)M) 
^ 83 : InGaAsP (.#4 KB) 

62 : n SI AlGaAs (7 7 ? KJS) 



61 : n IGaAs 



87: P + MGaAs (*+*rE) 

86 : pSInGaP ( ? 5 y KB) 
-85 : InGaAsP (if 4 KB) 
. 84 : InGaNAsP (#pfl) 
• 83 : InGaAsP Of 4 KB) 

82 : n MInGaP KB) 



~ 81 : n IGaAs («j£SSt£) 



[99] 
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77: P f IGaAa (* + y ^B) 

— 76 : pSAlGaAs 7 y KB) 
^75 : InGaAsP Uf 4 KB) 

/ '* ' MWW 1/(1) 71 : InGaNAsP (3|om*)M) 
^ 73 : InGaAsP KB) 
— -72 : n S AlGaAs * KB) 



71 : n SGaAs (tttffiM) 



